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Abstract

Human papillomaviruses (HPVs) have the ability to cause clinical disease in the epithelium of the skin and mucous
membranes. It also possesses oncogene genes capable of transforming normal cells into cancerous cells in the oral and
anal mucosa, and in various skin locations, these viruses infect almost all tissues, such as dermal-oriented epithelial,
mucosal, and lining tissues. The symptoms of the human papilloma virus are sometimes mild and not apparent, while
some other infections are of moderate or severe as well as some infection may lead to the transformation of normal
cells into tumor cells, as is the case in some subtypes of this virus. Basic knowledge of the pathology and the ability of
some microorganisms to cause disease is important for understanding the clinical presentation of the disease and how
it is diagnosed and treated. In this review, we decided to discuss some important aspects of HPV, including the general
characteristics of the virus, its life cycle, pathogenesis, epidemiology, immunity, and vaccination.
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1. Introduction

Human papilloma virus belongs to the family of small double-
stranded DNA viruses that infect epithelial tissues, where there
are more than 200 species belonging to this family genetically
distinguished that are capable of infecting and causing disease
for human and animal, such as visible, genital warts and skin
scales. So, there are 40 types of these viruses that infect the
mucus membranes lining the uterus and can cause cancerous
transformation in the surrounding cells, resulting cervical
cancer [1]. These viruses are naked and have an icosahedral
shape consisting of 72 capsules with a diameter of about 50 nm.
Despite their large numbers and wide spread, they only infect
mucous membranes and dry epithelium (skin) and enter the
body through the mouth and genitals. The infection appears. In
the form of either benign lesions (warts or papillomas), or the
infection may develop into cancerous tumors [2]. The genome of
human papilloma virus is consist of eight protein-coding genes
and to forming three region early (E), late (L) and upstream
regulatory regions [3]. This virus is distinguished by its ability
to transform normal cells into tumor cells, causing cervical,
anal, and vaginal and vulvar cancer, as it is considered one of
the most sexually transmitted types of viruses [4]. Moreover,
this virus was diagnosed in several cases of patients with penile
cancer, and studies indicated that among the 100 types of human
papillomavirus there are at least 40 types capable of infecting

genital tract [5]. Among the most important types associated with
cancers of the reproductive system are the two types, HPV16
and HPV 18, which are associated with a large percentage of up
to 50% of cervical cancer, in addition to being associated with
other types of cancers of the reproductive system compared to
other types of the virus [6].

The virus enters the target cells by binding the L1 protein to
the cellular receptors, after which it is transmitted into the cell
by the process of endocytosis of the virion [7]. After that the
virus moves into the cell through the vector vesicles reaching
to cytoplasm, then the viral protein L1 separates from the
genome, and becomes the role of the second viral protein, L2,
which contributes to the exit of the virus from the endosome (the
vector vesicle), finally the virion continues to complete its path
to the nucleus through the microtubules and start copying the
early E1 and E2 proteins [8]. The HPV life cycle divided into
three stages: initiation, recurrence, and vegetative or productive
amplification [9]. The first stage of the virus life cycle begins
with viral replication (genome transcription), followed by the
entry of the virus into the nucleus, where it can directly merge
with the nucleus to start viral replication, or it can be latent inside
the nucleus until the appropriate conditions are available. The
early viral proteins E1, E2 and E4 contributing to replication of
viral genome, while E6 and E7 prevent apoptosis and increasing
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proliferation of host cell proliferation, E2 have the controlling on
the expression of E6 and E7, so Loss of E2 controlling function
leads to promote the E6 and E7 viral oncogenes [10]. After the
initial stage, this phase consists of constant number of viral
genomes then establishing a chronic infection. Finally, the last
step involves vegetative or productive viral replication, with the
subsequent production of progeny virions [11]. At this time the
oncolytic viral proteins E6 and E7 expressed at relatively low

levels in differentiated cells play a key role by inactivating tumor
suppressor proteins (eg, p53, retinoblastoma protein (pRb)) and
activating signal transduction, to ensure infected cells remain
active and progress. To the S stage. Moreover, vegetative
amplification, besides being associated with an increase in HPV
genome copy numbers, is also followed by the expression of the
structural proteins L1 and L2 (Figure 1) [12].
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Figure 1: HPV Life Cycle. The First Step of the Replication Cycle of HPV, Called Establishment Replication, Replication, Consists

of Maintaining a Constant Number of Episomal Copies [13].

1.1 Transmission

The human papillomavirus is transmitted directly through contact
between the skin and mucous membranes, where sexual contact
is one of the most important ways of transmission of the virus,
and there are other ways of transmission such as those that occur
between the mother and the child or at the time of birth. Also,
there are other ways of transmitting the virus through fomites,
surgical materials, clothing, and objects. The development of the
infection depends on the transmission of the virus as a whole,
not just fragments of DNA. Many studies have indicated that the
virus is latently present in sexually active individuals, especially
women, as it infects more than 80% of women of childbearing

age [1].

HPV infections are believed to occur following wounding of
epithelium and subsequent infectious virion access to basal
epithelial cells and basement membrane components of the
epithelium [14]. Enhanced infection following wounding has
been confirmed experimentally in preclinical models [15]. HPV
associated lesions are then maintained via persistence of viral-
infected basal cells and the lesions increase in mass via replication

of infected cells coupled with epithelial differentiation. Vertical
maturation of infected keratinocytes completes the virus life
cycle culminating in virion assembly in the upper layers of the
wart. Natural transmission of cutaneous infections likely involves
physical contact of the upper keratinized wart with normal skin
generating microabrasions allowing virus-containing squames
to be shed into the wounded site. Environmental contact between
virus-laden shed squames and skin surface wounds are also a
likely transmission mechanism. Virion release from the squames
may include a combination of keratin filament disassembly
events involving viral E4 proteins and host/microbial proteases
with subsequent release of the cell-free virions into the wounded
site. Mucosal infections are also believed to occur following
mechanical wounding during sexual intercourse for vaginal and
anal infections [16].

Cell culture experiments have demonstrated that virions can
bind to cellular filopodia and subsequently be retro-transported
significant distances suggesting possible cell-to-cell or cell-to-
ECM (extracellular matrix) transfer that would bypass the need
for direct wounding [17]. Other viruses use a similar strategy of
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cell-cell transfer and epithelial basement membrane interactions
[18]. The transition zone sites are particularly vulnerable to
persistent HPV infections that can lead to malignant progression
[19]. A mechanism to describe the selectivity and exclusivity
of entry of HPV virions into these unique sites is not easy to
reconcile with the general concept of transmission via site
specific mechanical damage during sexual intercourse [20].

1.2 Pathogenicity

Human papillomaviruses (HPVs) are associated with benign
lesions known as warts and several cancer types including
cancer of the cervix, penis, anus and oral cavity. HPVs are
classified by their oncogenic potential and are divided into high-
risk oncogenic HPVs and low-risk HPVs. Tissue tropism is used
as another means of classifying the virus, and HPVs are divided
into types that infect mucosal or cutaneous tissues. Several
risk factors have been identified that elevate an individual's
likelihood of becoming infected with HPV including cigarette
smoking, a large number of lifetime sexual partners and
immunosuppression. Most HPV infections are cleared naturally,
although persistent infection with oncogenic HPV types can
lead to the cancers mentioned above. HPV has employed several
mechanisms to avoid detection by the host immune system [21].

Papillomavirus is an oncogenic virus which infects mucosal and
cutaneous epithelia where it induces benign hyperproliferative
lesions. Infections by high risk human papillomaviruses (HPVs)
have been implicated as causative agents in a variety of cancers
such as anogenital, and head and neck cancers. HPVs appear to
have evolved mechanisms resulting in escape from host immune
surveillance and delay of resolution of infection. The HPV ES5
oncoprotein is one of the possible effectors that allows the virus
to escape from host immune system through the downregulation
of surface classical major histocompatibility complex class
I (MHC 1) and not the nonclassical MHC 1. Lack of classical
MHC I in infected cells expressing ES would allow evasion of
cytotoxic T lymphocytes (CTLs) killing and thus establishment
and persistence of viral infection [22].

1.3 Epidemiology

There are approximately 218 types of HPV have been isolated
and identified as causing infections in humans , about 45 of
them infect the genital tract, while the others will cause skin
disease [23]. The Alpha HPVs produce clinically visible lesions
on mucous membranes and skin, while beta and gamma HPVs
are mainly responsible for persistent subclinical skin lesions
secondary to infections acquired early in childhood .The
infection occurs predominantly via direct contact, although
skin lesions can be transmitted indirectly, via contaminated
surfaces.8Microtraumas expose the basal layer keratinocytes
and facilitate contagion [24]. Cutaneous warts (CWs) related to
non-sexually transmit-ted HPV types have completely different
epidemiological characteristics and are mainly caused by types
1,2, 4, 27 and 57 [25]. Although these are the most prevalent
types in several studies, the proportion of individuals affected
by each of them is quite variable. Some authors speculate that
the differences are due to socio-geographical variations. The
most frequently involved are types 6 and 11, present in about

80% of oral lesions and more than 90% of genital lesions, in
addition the risk factors include number of partners and age at
first sexual intercourse, immunosuppression (including HIV)
and the presence of other STIs, such as herpes simplex [26]. The
relationship with smoking and the use of oral contraceptives
remains controversial. Contagion can occur through any form
of sexual contact, even without penetration. The incidence
of anal infection is high among men who have sex with men
(MSM) [27]. Lesions in men appear to be less persistent than
in women. The peak incidence of infection occurs about 10
years after searches, usually between 24 and 30 years of age for
both sexes. Although the prevalence decreases with age, studies
show a second late peak of incidence in women in the fifth
decade [28]. The episodes of clinical manifestation have a mean
duration of two and a half months. For each of these, a mean of
three medical consultations are held 16. In the an genital region,
HPV especially types 16 and 18 is involved in the pathogenesis
of malignant tumors, with involvement in practically 100% of
cervical cancer cases, 85% of anal tumors, and 50% of penile
and vulvar tumors [29].

Oral infection with human papilloma virus is rather low,
ranging between 0-20%, and some studies indicated that
infection for some immunocompromised people developed into
Oropharyngeal squamous cell carcinoma (SCC), 36% while
infection with this virus may decrease depending on the person's
immunity. The use of drugs that decrease immunity or what
is called immunosuppression is a risk factor that increases the
spread of many latent viruses, including the human papilloma
virus, and the temporary immune changes of pregnant women
may increase infection rates when compared to healthy women
[30].

1.4 Risk factors for HPV infection

There are many risk factors associated with infection with the
human papilloma virus, and among these factors is the increase
in sexual activity during adolescence, as well as other external
factors such as smoking, which is considered. It is a catalyst and
an inhibitor of the innate and adaptive immune system leading
to the infection of malignant tumors, which is considered one
of the most important risk factors that increase the infection
with latent viruses that begin to become active. The body
may also be exposed to transmission of the virus through the
mouth or direct sexual contact [31]. There are 7 types of viruses
classified as having the ability to cause tumors, according to the
International Agency for Research on Cancer (IARC), which are
HPV (types: 16, 18), human immunodeficiency virus 1 (HIV
1), hepatitis C virus (HCV), hepatitis B virus (HBV), Ebstein
Barr virus (EBV), human herpes virus 8 (HHV 8), and Human
T lympho trophic virus 1 (HTLV 1) [32]. Studies indicate that
about 15-20% of cancers are attributed to viruses, but only a
small cases are fatal, as there are 15 genotypes out of 30 that
spread between the mucous membrane of the genital mucosa of
human papillomavirus, which is a main causes of cervical cancer
[33]. The stage of cervical cancer divided onto four main stages:
Acquisition of the human papillomavirus, persistence (vs.
clearance); progression to precancerous lesions and Invasive
carcinoma [34].
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1.5 Routes for HPV Transmission

The route of HPV transmission is primarily through skin to
skin or skin to mucosa contact. Sexual transmission is the most
documented, but there have been studies suggesting non sexual
ways [35]. The horizontal transmission of HPV includes fomites,
fingers, and mouth, skin contact (other than sexual). These
possible routes have been largely discussed in various studies.
Contaminated equipment in gynecological examination rooms
has been an interesting topic of evaluation in HPV infection
routes. We know about HPVs that they are very steady viruses,
repellant to heat, and drying [they show 30% infectivity after
seven days of dehydration. The viruses are apt to live for days
on surfaces, clothing, frequently used gynecological equipment,
and fomites [36]. The Vertical transmission from mother to
newborn is another HPV transmittal route. Several studies have
emphasized the possibility of infection through the amni—otic
fluid, or the placenta, or via contact with maternal genital mucosa
during natural birth. The possibility of vertical HPV infection
was discussed as early as 1950, in a study on infantile anogenital
warts, papillomatosis [37].

The Waterborne transmittal of HPV has never been proven,; still,
HPV DNA has been identified in water habitats. In 2008, a study
in United States concerning the variety of viruses in raw sewage
uncovered for the first time 2/12 HPVs in sewage samples, but
not in treated wastewater. Bibby and Peccia identified in 2013
HPV in sewage sludge [38]. They also discovered oncogenic
papillomavirus: 16, 18 and 53 suggesting a waterborne route
of infection, as was first proposed 40 years ago. Epitheliotropic
viruses, as demonstrated by these studies, can be found in
sewage. It might be the result of scrubbing the skin and mucous
membranes, but it can also be due to urine or feces pollution
[31].

1.6 HPV and Local Immunity

The fate of the HPV virus infection of the mucosa is determined
by its ability to hide itself and survive and the inability of the
local cells to catch and neutralize the viral antigens. The balance
between these conditions defines the virus clearance, persistence
or cancerization [39]. The effective evasion of all levels of innate
immune recognition seems to be the hallmark of HPV infections.
HPV globally down-regulates the innate immune signaling
pathways in the infected Keratinocytes; pro-inflammatory
cytokines, particularly the type I interferon’s, are not released,
and the signals for Langerhans cell activation and migration and

consecutively for the recruitment of stromal DCs are diminished
or abolished [40]. Keratinocytes (Kcs) targeted by HPVs are
considered as nonprofessional antigenpresenting cells (APCs),
defined as “immune sentinels”, because of the various cytokines
produced in response to innate immune sensor signaling [41].
Potentially, HPV PAMPs are the L1 and L2 capsid proteins and
the double DNA genome [42]. TLRs are particularly important
in establishing the evolution of lesions because they have the
role to guide the individual’s acquired immunity in order to
neutralize viral HPV infection. The activation of TLRs on Kcs
leads to the production of type I and interferons (IFNs) and
enhances the cytotoxic response of Thl lymphocytes [43]. A
reduced expression of TLRs indicates the progression of the
disease, while their increased expression is suggestive of the
regression of the pathology [44]. Except for TLR7 and TLRS, the
others are found in Kcs. TLR9 hosted in the cytosolic endosomal
compartment of Kcs, neutrophils, plasmacytoid dendritic cells
(pDCs), B and Th1/Th2 lymphocytes, fibroblasts and endothelial
cells is able to recognize PAMPs that have already passed the
cell membrane, such as viral double-stranded DNA [45]. HPV
can avoid immune recognition by downregulating TLR9 through
E6 and E7 proteins; in low-risk HPV genital infection, TLR9
repression does not occur. TLR7 and TLR9 signaling can induce
not only inflammatory cytokines secretion but also type I IFNs,
including IFN a and B , in addition the effectiveness of TLRs
activation during HPV evolution who demonstrated that RNA
expression of 1-3 and 6-9 TLRs was increased in cytological
samples from patients with healed lesions [46]. Their study
conducted on cervical tissue and blood samples from HPV+ and
HPV- patients evaluated the expression levels of genes involved
in innate immune responses and cell adhesion. HPV-infected
patients expressed higher levels of TLR9 and lower levels of
PRR that recognize RNA (TLR3, TLR7 and MDAS/IFIH1).
The authors concluded that HPV infection leads to changes in
the innate antiviral immune responses: it increases the levels of
DNA recognition receptors, and it decreases the expression of
TLRs that recognize RNAs [47]. The natural life cycle of the
HPV virus is entirely intraepithelial, and the infection does not
produce local inflammation, cellular apoptosis or cytolysis,
viremia after virus release with a successful getaway of innate
immune recognition and consecutively the activation of
adaptative immune reaction. Viral regression is associated with
the successful priming of an adaptative immune response after
antigen takeover by the APCs [48].
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1.7 Human Papilloma virus and Cancer

Viruses are considered one of the types that cause cancerous
transformation in some types of cancers, the most important of
which is the human papillomavirus, which has been scientifically
proven to be the main cause of cervical cancer, especially
types 16 and 18. These genotypes belong to the alpha-type of
Papillomaviridae family [49]. Studies also indicated that the
two types HPV 16 (alpha-9) and HPV 18 (alpha-7) are a major
cause of cervical cancer. Since 1995. While other types HPV
31 and HPV 33 (alpha-9), may cause cancer in the genital tract,
Furthermore, all alpha species are capable of causing cervical
cancer cases in almost all parts of the world [50].

The types in the high-risk clade are listed below. Given the
existence of some HPV types that are very carcinogenic, notably
HPV 16 and HPV 18, determining which less common and
weaker types are also carcinogenic becomes, in epidemiology,
an issue of confounding. The alpha genus types share a common
route of transmission, and multiple infections are present in a
large minority of women, both concurrently and sequentially.
None of the traditional approaches to control confounding is
entirely successful. Because HPV 16 causes over 50% of cases
of cervical cancer, logistic regression and similar approaches
will parsimoniously attribute to HPV 16, cases associated with
both HPV 16, and a less important type [S1]. HPV 18 is the
second most important cervical carcinogen, responsible for
approximately 15% of cervical cancer of all histological types
combined (and a higher fraction of adenocarcinomas). If a type
co-occurs with either HPV 16 or HPV 18, its association with
cervical cancer might be confounded by either of these powerful
carcinogens. For types causing only a very small fraction of
cervical cancer, confounding by any of the more important types
is possible [52]. The main epidemiological criterion used for the
classification of an HPV type as a carcinogen, i.e. finding the
HPV genotype as a single infection in a cervical scrape or biopsy
specimen in a woman with cancer, might sometimes be too lax,
and prone to error. Colposcopic biopsies and cytology specimens
can be misdirected and fail to obtain the critical cells, whereas the
contamination of scrapes and biopsies from lower-grade lesions
that often surround cancers can lead to the detection of types
other than the causal one [53]. The most clearly carcinogenic
genotypes, HPV 16 and HPV 18 in particular, are more common
among cervical squamous carcinomas than cytologically
normal women or even in low-grade squamous intraepithelial
lesions. HPV 18 is especially common in adenocarcinomas, as
are other members of the alpha-7 clade of which HPV 18 is a
member, lending additional support to the importance of genetic
similarity in terms of the carcinogenicity of different HPV types
[54]. Almost all types of HPV in the high-risk clade — except
for HPV 16 and HPV 18 — are (relatively) more common in
low-grade lesions. Including HPV 16 and HPV 18, eight HPV
types (alpha-7, HPV types 18 and 45; alpha-9, and HPV types
16, 31, 33, 35, 52, and 58) are the most common types found in
cancers in both the Catalan Institute of Oncology (ICO) study
and the IARC meta-analysis in all regions of the world providing
data. These types are all much more common in cancer case
specimens than in controls, providing sufficient epidemiological
evidence of carcinogenicity [55].

1.8 HPV vaccination

Viral vaccines are considered one of the most important
medication against viruses, as they are among the most complex
microorganisms compared to bacteria. For human papilloma
virus, there are two main vaccines that have proven effective
against it, one of which is bivalent and contains antigens of entry
proteins (VLP) is effective against types HPV 16 and 18, and the
other type is quadrivalent that contains antigens of entry proteins
for each of the types 6, 11, 16 and 18, as both types have the
ability to prevent the entry of the virus into the target cells and
cause disease, so they are a prophylactic vaccines to protect
against infection taken before infection or at its beginning not
for treatment people who are already infected [56]. These two
vaccines were also used as an alternative treatment for some
types of cancer, such as adenocarcinoma and cervical cancer,
as both vaccines proved effective against about 90% of women
with cervical cancer, especially among women between the
ages of 15 and 26 years who were not previously diagnosed
with papillomavirus. The effectiveness of the vaccine varies
depending on the age of the infected and the location and duration
of the infection [57]. In addition, trials of the quadrivalent HPV
vaccine have shown close to 100% efficacy against certain
vulvar and vaginal lesions against types 16 or 18, and against
genital warts caused by the virus [58]. Studies have shown that
the use of the dual and quadrivalent HPV vaccines protects
against infection for a period of 5 to 6 years, and it also prevents
cancer of the cervix, genital and non-genital organs associated
with this virus [59].

2. Conclusion

This review provided some information about HPV such as
Transmission, epidemiology, pathogenesis, high risk serotypes
of HPV, HPV vaccination, HPV and cancer and more information
that explains the composition of the virus, its more dangerous
types that may cause cancer, and how to treat it using vaccines,
Therefore, in this review, we tried to focusing on this virus
pathogenicity, transmission, and some virus genes that closely
that is capable of infecting many places in the body depending
on the tropism affinity for cell receptors such as genital warts
and some types may develop to be oncogenic proteins.
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